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Objective: To evaluate in chest X-rays and high-resolution computed tomographies of patients
with pleural tuberculosis, the incidence of parenchymal and mediastinal lung lesions sugges-
tive of active disease.
Methods: Prospective study (2008e2009) evaluating the radiographic and tomographic abnor-
malities of 88 HIV-negative patients with pleural tuberculosis (unilateral effusion). The images
were reviewed by 3 independent specialists, and the observed changes were classified accord-
ing to previously established criteria: presence or absence of signs suggestive of disease
activity, and nonspecific findings.
Results: Abnormal changes were observed in chest X-rays of 22 (25%) patients and in the
computed tomography of 55 (63%). Images compatible with active pulmonary tuberculosis
were detected by radiography in 9 (10%) patients and by tomography in 38 (43%). Only 4
(4.5%) patients had tomography images suggestive of residual disease.
Conclusion: The present study demonstrates that pulmonary involvement is quite common in
pleural tuberculosis. This finding is mainly observed in high-resolution computed tomography
and has important epidemiological implications, since patients with pleural tuberculosis are
significant sources of infection and disease dissemination.
ª 2011 Elsevier Ltd. All rights reserved.500, cjto: 4C Bela Vista, Sa˜o Paulo 01332-000, Brazil. Tel.: þ55 11 30695695; fax: þ55 11 30695643.
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Tuberculosis continues to be a significant public health
problem especially in developing countries. The estimated
number in 2008 was 9.4 million cases, most of them
occurring in Asia (55%) and Africa (30%). With an approxi-
mate incidence of 39 cases/100,000 inhabitants, Brazil is
one of the 22 countries responsible for 90% of all worldwide
cases.1,2 Among the diverse clinical presentations, the
frequency of the extrapulmonary form ranges from 9 to
46%. This form has become more frequent after the emer-
gence of the human immunodeficiency virus (HIV) and the
widespread use of immunosuppressive drugs.2,3 In Brazil,
the extrapulmonary form accounts for 14e18% of diagnosed
cases of tuberculosis, and pleural involvement is observed
in about 50% of these patients.4 In this clinical presenta-
tion, the involvement of the pleural space occurs from
pulmonary lesions with lymphatic and/or hematogenic
dissemination, or as a result of rupture of a subpleural or
nodal caseous focus. The presence of mycobacteria or their
cellular wall antigens triggers a delayed hypersensitivity
reaction that culminates in an exudative pleural effusion.5
Traditionally, pleural tuberculosis is classified as primary
when the disease develops after initial exposure to Myco-
bacterium tuberculosis. This form generally affects young
adults living in regions with a high prevalence of disease.
The post-primary form, which is associated with reactivation
of a pre-existing focus, occurs after long periods of infection
and is more frequent in elderly populations from regions
with a low prevalence of the disease.6,7 This classification is
currently controversial especially when we consider that the
two forms have similar clinical manifestations. In addition,
molecular evidence indicates simultaneous pleuropulmonary
involvement.6e9 This fact has an epidemiological impact,
given that many patients with pleural tuberculosis are not
adequately evaluated regarding to the real intrathoracic
compromising.
In medical practice, the chest X-ray is the first comple-
mentary exam requested when pleural tuberculosis is sus-
pected. Besides confirming the presence of a pleural
effusion, this method permits the investigation of associ-
ated intrathoracic lesions. Nowadays, the superiority of
high-resolution computed tomography (HRCT) for identi-
fying these lesions is well recognized. However, it should be
highlighted that the radiological identification of anatom-
ical abnormalities does not have sufficient specificity to
characterize the clinical extent of the disease, i.e., what is
active inflammatory disease and what is a fibrotic lesion
resulting from a scarring process.7,10,11
In this context, the objective of the present study is to
identify by means of radiological methods, the presence of
pulmonary and/or mediastinal abnormalities suggestive of
disease activity in patients with pleural tuberculosis.
Methods
A prospective evaluation of a cohort of eighty-eight
patients with pleural tuberculosis and negative serology for
HIV was carried out between November 2008 and
September 2009 at the Pleural Diseases outpatient clinic of
the Pulmonary Division (HC-FMUSP). The study wasconducted after patients signed a free informed consent
and after the approval by the institutional review board.
On the first visit, the patients underwent clinical and
radiological evaluation followed by thoracocentesis and
pleural biopsy (Cope needle). Pleural fluid and blood
samples were collected simultaneously for routine anal-
yses. After the confirmation of pleural tuberculosis,
patients underwent chest HRCT e axial thin (1 mm) sections
(Tomoscan MX 800, Philips, Eindhoven, The Netherlands).
The criteria for the diagnosis of tuberculosis were:
positive ZiehleNeelsen stains or Lowenstein cultures
(pleural fluid or tissue), and/or pleural biopsy showing
typical granuloma and/or compatible clinical history asso-
ciated with a lymphocyte rich exudate, elevated levels of
adenosine deaminase (ADA) and a favorable clinical follow
up after specific treatment.5,12
Three independent specialists (KU, MS, and SB) evalu-
ated the images according to the following criteria for:
1) lung: presence of cavitations, nodules, consolidations,
and fibrotic bands; 2) bronchus: presence of wall thick-
ening, dilatations, and the tree-in-bud pattern, and
3) mediastinum: presence of lymphadenomegaly. The
presence of pulmonary consolidation, thick-walled cavity,
centrilobular or confluent nodules, and tree-in-bud pattern
are signs indicative of active disease. The presence of
solitary nodules, lymphadenomegaly, cylindrical bronchi-
ectasis, and bronchial wall thickening are considered
nonspecific signs. Finally, the presence of parenchymal
fibrotic bands and traction bronchiectasis are considered
indicative of residual scarring.7,8,11,13,14
Statistical analysis
All variables considered in the radiologic analysis were
binary (yes/no) and were depicted throughout the text and
tables as total numbers and proportions. The differences
between findings in chest radiographies and chest CT scans
were analyzed through the chi-square test or Fisher exact-
test; the latter was used when expected frequencies were
5. To compensate the multiple testing situations, the
p value was adjusted by using the Bonferroni procedure,
and we considered results with a p  0.05 to be statistically
significant. All tests were performed in STATA 11.0.
Results
Sixty-seven (76%) of the 88 patients (age 16e99; median: 47
years) included were males. Pleural effusions were unilat-
eral in all patients, right-sided in 33 (37.5%), and left-sided
in 55 (62.5%). Most of the patients presented moderate
pleural effusion with a mean fluid withdrawn of 500 mL at
thoracentesis. Associated to the pleural effusion, 22 (25%)
patients had other radiographic changes, and in 55 cases
(63%) tomographic abnormalities were observed (Table 1
and Figs. 1 and 2).
According to the radiologic criteria, the chest X-ray
revealed suggestive signs of active disease in 9 (10.2%)
patients, a number significantly lower (p Z 0.0001) than
those obtained by tomography (40/88; 45.5%). Although no
statistical difference had been observed concerning to the
presence of consolidation and thick-walled cavities by the
Table 1 Radiologic findings and evidence of pulmonary inflammatory activity in 88 patients with pleural tuberculosis.
Imaging findings and inflammatory activity Chest X-ray Chest HRCT p
Intrathoracic and extrapleural changes 22 (25.0%) 55 (62.5%) 0.0001
Activity signs
Present 9 (10.2%) 40 (45.5%) 0.0001
Parenchymal consolidation 8 (9.1%) 17 (19.3%) 0.052
Thick-walled cavity 2 (2.3%) 8 (9.1%) 0.099
Centrolobular nodules No detectable 27 (30.7%) e
Confluent nodules No detectable 24 (27.3%) e
Tree-in-bud pattern No detectable 9 (10.2%) e
Nonspecific 12 (13.7%) 11 (12.5%) 0.823
Solitary nodules 18 (20.5%) 39 (44.3%) 0.001
Lymphadenomegaly 0 (0%) 8 (9.1%) 0.007
Cylindrical bronchiectasis No detectable 4 (4.5%) e
Bronchial wall thickening No detectable 8 (9.1%) e
Absent 1 (1.1%) 4 (4.5%) 0.368
Parenchymal bands 2 (2.3%) 8 (9.1%) 0.099
Traction bronchiectasis No detectable 1 (1.1%) e
“Zero”: potentially visible but absent; “No detectable”: not possible to be recognized.
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observed in CT scans. Centrilobular nodules (27/88; 30.7%),
confluent nodules (24/88; 27.3%) and the tree-in-bud
pattern (9/88; 10.2%) were only detected by computed
tomography, demonstrating the superiority of this method
over the chest X-ray.
The finding of nonspecific signs showed a clear balance
between chest X-ray and HRCT (12  11; p Z 0.823).
Solitary nodules (18  39; p Z 0.001) and lymphadeno-
megaly (0  8; p Z 0.007) were more frequently detected
by tomography. The observation of cylindrical bronchiec-
tasis (4/88; 4.5%) and bronchial wall thickening (8/88; 9.1%)
was discrete and restricted to tomography. Agreement
among observers was around 90% in most cases; conflicting
diagnoses were resolved by consensus.
No significant differences between the 2 radiologic
methods were observed when signs suggestive of residual
scarring were analyzed (1  4; p Z 0.368), including the
presence of parenchymal fibrotic bands (2  8; p Z 0.099)
and traction bronchiectasis, which were detected by
tomography in only one of the 88 patients.Discussion
The present study conducted in a high-prevalence tubercu-
losis region demonstrates that patients with the pleural form
frequently have intrathoracic abnormalities characterized
by pulmonary or mediastinal involvement, mimicking the
form traditionally called post-primary. In addition, the clear
superiority of high-resolution computed tomography in the
identification of these lesions was confirmed. Finally, we
observed that approximately half the patients with pleural
tuberculosis had signs suggestive of extrapleural inflamma-
tory activity.
Among different imaging methods, chest X-ray plays an
unquestionable role in the diagnosis of pulmonarytuberculosis because of its ease of use, good performance,
and low cost. However, this method lacks diagnostic
sensitivity in the presence of pleural effusion, mainly due
to difficulties in the visualization of the lung parenchyma
and mediastinal structures. This fact is important when
considering that parenchymal or mediastinal involvement is
observed in 17e36% of patients with pleural tuber-
culosis.15e18 Similar results were obtained in the present
study, with approximately one-fourth of the patients pre-
senting images compatible with active or scarring pulmo-
nary lesions on conventional chest X-rays. However, the
superiority of chest HRCT in the demonstration of these
lesions should be emphasized.15,18,19 This study also showed
similar results, with 38% of the patients without radio-
graphic evidence of parenchymal or mediastinal lesions
having tomographic abnormalities. Furthermore, about
two-thirds of the patients (62.5%) had intrathoracic
abnormalities concomitant with the pleural effusion. Taken
together, chest HRCT is a more accurate imaging method
for suggesting the presence of pleuropulmonary
tuberculosis.
These observations require discussion of clinically
important issues. If it is unequivocal that HRCT adds
sensitivity to the diagnosis, we should consider that the
inclusion of this method in the clinical routine considerably
increases the cost of public health. It is important to
highlight that neither the chest HRCT nor the chest X-ray
permits recognition of the presence of active lesions.
However, the presence of abnormalities suggesting inflam-
matory activity allows the identification of patients with
pleural tuberculosis capable of disease transmission. This
point is epidemiologically relevant, because additional care
should be taken with these patients, particularly in relation
to contact investigation.
Therefore, as there are no pathognomonic findings that
characterize active pulmonary tuberculosis, it is recom-
mended that once the diagnosis of pleural tuberculosis has
Figure 1 (A): Chest radiograph shows ill-defined nodules and moderate pleural effusion on the left side; (B): CT scan at the level
of the intermedius bronchus shows a solitary nodule in the superior segment of the right lower lobe, which was not clear on the
chest radiograph and (C): CT scan at the level of the inferior pulmonary veins demonstrates nodular foci of consolidation and
bronchial wall thickening in the left lower lobe and a moderate loculated left pleural effusion.
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should be stratified according to possible evidence of active
disease. In the present study, lesions classified as highly
suggestive of disease activity were detected in 10% ofFigure 2 CT scan images (A): Bronchial wall thickening and bron
upper lobe are observed at a level just above the aortic arch; (B):
cavity are seen in the right upper lobe at the level of the aortic ar
nodules and tree-in-bud opacities are observed in the posterior segm
lower lobes. Note also small foci of consolidation in the posterio
nodules and tree-in-bud opacities in the anterior segment of the rig
are seen at the level of the bifurcation of the intermedius bronchpatients by chest X-ray and in 45.5% by HRCT. The most
frequent finding was pulmonary consolidation (homogenous
opacity reflecting granulomatous inflammation of the
parenchyma)8,11 detected by radiography in 9.1% ofchiectasis associated with irregular nodular lesions in the right
Centrilobular nodules, tree-in-bud opacities and a thick-walled
ch; (C): At the level of carina, multiple confluent centrilobular
ent of the right upper lobe and in the superior segments of the
r segment of the right upper lobe; (D): Multiple centrilobular
ht upper lobe, lingula and superior segments of the lower lobes
us.
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demonstrated parenchymal cavities with thickened walls,
resulting from the coalescence of multiple inflammatory
foci that necrotize and drain into the airways,8,11 in 2.3%
and 9.1% of patients, respectively. Finally, only HRCT
permitted the identification of centrilobular and/or
confluent nodules and the tree-in-bud pattern, findings
highly suggestive of inflammatory activity. The tree-in-bud
pattern reflects endobronchial dissemination of caseous
necrosis and granulomatous inflammation that fills and
surrounds the alveolar ducts and respiratory bronchioli.8,11
These features were observed in 30% of the patients
included in this study.
Approximately 13% of the patients had nonspecific
abnormalities upon radiography and computed tomography.
There was a clear predominance of solitary nodules
detected by radiography in 18 (20.5%) patients and by
tomography in 39 (44.3%). These nodules appear as focal
round opacities with relatively well-defined contours and
size < 3 cm and generally result from coalescence or
clustering of small nodules.8,11 Lee et al.11 characterized
these lesions as nonspecific, because many nodules can
persist after specific treatment despite an accentuated
reduction in their number and less frequently, in their size.
Lymphadenomegaly, cylindrical bronchiectasis, and bron-
chial wall thickening, findings observed in less than 10% of
the patients by HRCT, are also considered as nonspecific
because they can be observed both in the active phase and
after specific treatment.20
Finally, it should be mentioned that less than 5% of
patients with pleural tuberculosis had radiographic or
tomographic changes suggestive of residual disease. This
condition is generally associated with the presence of
parenchymal fibrotic bands or traction bronchiectasis,
which are rarely present alone and are observed in a small
number of cases (less than 10% upon tomography). These
sequelae generally reflect previous parenchyma or bron-
chial involvement.8,11
In conclusion, the present study supports the recom-
mendation for a more rigorous diagnosis of patients with
pleural tuberculosis, especially those living in high preva-
lence regions. Chest X-ray, the most common imaging
method, failed to demonstrate pulmonary involvement in
75% of patients. However, this percentage decreased to 40%
when high-resolution computed tomography was associ-
ated. Similarly, when we consider the possibility of
concomitant pulmonary disease, only 10% of the patients
fulfilled this criterion under radiographic examination. In
contrast, computed tomography showed up almost 50% of
patients exhibited lesions highly suggestive of active
pulmonary disease. This finding is of great clinical and
epidemiological relevance because it provides a basis for
establishing guidelines for patients with pleural tubercu-
losis regarding prophylactic actions, since these patients
may represent an important source of tuberculous
dissemination.Conflicts of interest
None declared.References
1. WHO. Global tuberculosis control: a short update to the
2009 report. www.who.int/tb/global_report2009/index.html,
6.16.2010, p. 426.
2. Conde MB, Melo FA, Marques AM, Cardoso NC, Pinheiro VG,
Dalcin P de T, et al. III Brazilian thoracic association guidelines
on TB. J Bras Pneumol 2009;35:1018e48.
3. Golden MP, Vikram HR. Extrapulmonary tuberculosis: an over-
view. Am Fam Physician 2005;72:1761e8.
4. Seiscento M, Vargas FS, Rujula MJ, Bombarda S, Uip DE,
Galesi VM. Epidemiological aspects of pleural tuberculosis in
the state of Sa˜o Paulo, Brazil (1998e2005). J Bras Pneumol
2009;35:548e54.
5. Porcel JM. Tuberculous pleural effusion. Lung 2009;187:
263e70.
6. Marais BJ, Parker SK, Verver S, van Rie A, Warren RM. Primary
and postprimary or reactivation tuberculosis: time to revise
confusing terminology? Am J Roentgenol 2009;192:W198.
7. Jeong YJ, Lee KS. Pulmonary tuberculosis: up-to-date imaging
and management. Am J Roentgenol 2008;191:834e44.
8. Mu¨ller NL, Franquet T, Lee KS. Pulmonary tuberculosis. In:
Mu¨ller NL, Franquet T, Lee KS, editors. Imaging of pulmonary
infections. 1st ed. Philadelphia, PA: Lippincott Williams &
Wilkins; 2007. p. 56e78.
9. Jones BE, Ryu R, Yang Z, Cave MD, Pogoda JM, Otava M, et al.
Chest radiographic findings in patients with tuberculosis with
recent or remote infection. Am J Respir Crit Care Med 1997;
156:1270e3.
10. Geng E, Kreiswirth B, Burzynski J, Schluger NW. Clinical and
radiographic correlates of primary and reactivation tubercu-
losis: a molecular epidemiology study. JAMA 2005;293:2740e5.
11. Lee JJ, Chong PY, Lin CB, Hsu AH, Lee CC. High reso lution
chest CT in patients with pulmonary tuberculosis: character-
istic findings before and after antituberculous therapy. Eur J
Radiol 2008;67:100e4.
12. Antonangelo L, Vargas FS, Seiscento M, Bombarda S, Teixeira L,
Sales RK. Clinical and laboratory parameters in the differential
diagnosis of pleural effusion secondary to tuberculosis or
cancer. Clinics 2007;62:585e90.
13. Kim HJ, Lee HJ, Kwon SY, Yoon HI, Chung HS, Lee CT, et al. The
prevalence of pulmonary parenchymal tuberculosis in patients
with tuberculous pleuritis. Chest 2006;129:1253e8.
14. Im JG, Itoh H, Shim YS, Lee JH, Ahn J, Han MC, et al. Pulmo-
nary tuberculosis: CT findings e early active disease and
sequential change with antituberculous therapy. Radiology
1993;186:653e60.
15. Hatipoglu ON, Osma E, Manisali M, Uc¸an ES, Balci P, Akkoc¸lu A,
et al. High resolution computed tomographic findings in
pulmonary tuberculosis. Thorax 1996;51:397e402.
16. Liam CK, Lim KH, Wong CM. Tuberculous pleurisy as a manifesta-
tion of primary and reactivation disease in a region with a high
prevalenceof tuberculosis. Int J Tuberc Lung Dis 1999;3:816e22.
17. Arriero JM, Romero S, Herna´ndez L, Candela A, Martı´n C, Gil J,
et al. Tuberculous pleurisy with or without radiographic
evidence of pulmonary disease. Is there any difference? Int J
Tuberc Lung Dis 1998;2:513e7.
18. Mihmanli A, Ozseker F, Baran A, Ku¨c¸u¨ker F, Atik S, Akkaya E.
Evaluation of 105 cases with tuberculous pleurisy. Tuberk
Toraks 2004;52:137e44.
19. Swaminathan S, Raghavan A, Datta M, Paramasivan CN,
Saravanan KC. Computerized tomography detects pulmonary
lesions in children with normal radiographs diagnosed to have
tuberculosis. Indian Pediatr 2005;42:258e61.
20. Moon WK, Im JG, Yeon KM, Han MC. Mediastinal tuberculous
lymphadenitis: CT findings of active and inactive disease. Am J
Roentgenol 1998;170:715e8.
